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(54) ANNULAR-GAP-TYPE GAS SUPPLY ELEMENT, AND GAS SUPPLY METHOD

(57) The present disclosure discloses an annu-
lar-gap-type gas supply element and gas supply method,
which belongs to the field of metallurgical technology,
and solves the problem that high intensity gas injection
cannot be achieved under the condition of thin slag layer,
slag-free layer or complex process in the prior art. The
annular-gap-type gas supply element includes a central
pipe, an inner sleeve, an outer sleeve, an outer gas space
and an inner gas space located in the outer gas space,
wherein the central pipe, the inner sleeve and the outer
sleeve are arranged in turn; at least one inner annular
gap is formed between the central pipe and the inner
sleeve, and at least one outer annular gap is formed be-
tween the inner sleeve and the outer sleeve, wherein the

at least one inner annular gap is connected with the inner
gas space, and the at least one outer annular gap is con-
nected with the outer gas space. The gas supply method
is that inner gas is injected into metallic bath of a metal-
lurgical furnace through an inner gas space and at least
one inner annular gap successively; and/or, outer gas is
injected into the metallic bath of the metallurgical furnace
through an outer gas space and at least one outer annular
gap successively; wherein the types of the inner gas and
the outer gas are the same or different. The gas supply
element and gas supply method of the present applica-
tion can be used for high intensity gas injection of met-
allurgical furnace.
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Description

TECHNICAL FIELD

[0001] The application pertains to the field of metallur-
gical technology, and in particular, to an annular-gap-
type gas supply element, and gas supply method.

BACKGROUND ART

[0002] In metallurgical production, according to the
needs of production process, a metallurgical furnace
needs to be injected various gases (nitrogen, argon, air,
etc.) from the bottom and/or a side wall to the metallic
bath to optimize the dynamic conditions of the metallur-
gical furnace metallic bath to achieve the effects of ho-
mogeneity composition, promoting reaction, improving
efficiency and others, among which the efficient injection
of gas is particularly important.
[0003] Slag splashing technology can form a slag
splashing layer on the surface of the metallurgical fur-
nace lining by slag splashing, thus protecting furnace lin-
ing and prolonging furnace life. With the development of
smelting technology, the demand for efficient smelting in
metallurgy keeps increasing. Especially, the high inten-
sity gas injection under the condition of thin slag layer or
slag-free layer puts forward higher requirements for the
gas supply and maintenance process of gas injection
components.
[0004] The prior art discloses a multifunctional annu-
lar-gap-type gas supply element for steelmaking. By
adopting an annular gap gas supply method, problems
of small flow adjustment range, easy plugging and easy
erosion of capillary, single tube and annular gap tube gas
supply methods are solved, and the gas long-life injection
under the condition of slag splashing is realized. Howev-
er, the above annular gap gas supply element has only
one control gas path and one gas distribution chamber,
which cannot realize separate differential control of inner
and outer rings. Under the condition of thin slag layer or
slag-free layer, the large flow of the outer ring gas is easy
to promote the transition erosion of the refractory material
at the contact between the bottom blowing gas supply
element and the bottom blowing protective bricks, so it
cannot solve the problem of high intensity gas injection
under the condition of thin slag layer, slag-free layer or
complex process.

SUMMARY OF THE INVENTION

[0005] In view of the above analysis, the present ap-
plication aims to provide an annular-gap-type gas supply
element and gas supply method, so as to solve the prob-
lem that high intensity gas injection cannot be achieved
under thin slag layer, slag-free layer or complex process
condition in the prior art.
[0006] The objects of the present application are main-
ly realized by the following technical schemes:

An annular-gap-type gas supply element provided by the
present disclosure, including a central pipe, an inner
sleeve, an outer sleeve, an outer gas space and an inner
gas space located in the outer gas space, wherein the
central pipe, the inner sleeve and the outer sleeve are
arranged in turn; at least one inner annular gap is formed
between the central pipe and the inner sleeve, and at
least one outer annular gap is formed between the inner
sleeve and the outer sleeve, wherein the at least one
inner annular gap is connected with the inner gas space,
and the at least one outer annular gap is connected with
the outer gas space.
[0007] Further, the annular-gap-type gas supply ele-
ment is suitable for converters, electric furnaces or ladles.
[0008] Further, a gas flow rate of the at least one outer
annular gap is less than a gas flow rate of the at least
one inner annular gap.
[0009] Further, a gas supply pressure of the at least
one outer annular gap is equal to a gas supply pressure
of the at least one inner annular gap, and an area of the
at least one outer annular gap is smaller than an area of
the at least one inner annular gap; Or, the area of the at
least one outer annular gap is equal to the area of the at
least one inner annular gap, and the gas supply pressure
of the at least one outer annular gap is less than the gas
supply pressure of the at least one inner annular gap.
[0010] Further, the gap width difference between the
at least one inner annular gap and the at least one outer
annular gap is less than or equal to 1 mm.
[0011] Further, the gap width of the at least one inner
annular gap is 1-2 mm, and the gap width of the at least
one outer annular gap is 0.5-1 mm.
[0012] Further, the gap width of the at least one inner
annular gap is 1 mm, 1.1 mm, 1.3 mm, 1.5 mm, 1.7 mm,
1.9 mm or 2.0 mm, and the gap width of the at least one
outer annular gap 0.5 mm, 0.7 mm, 0.8 mm or 1.0 mm.
[0013] Further, the annular-gap-type gas supply ele-
ment also includes an inner gas inlet pipe connected with
the inner gas space and an outer gas inlet pipe connected
with the outer gas space.
[0014] Further, conical screens are set in the inner gas
inlet pipe and/or the outer gas inlet pipe.
[0015] Further, tips of the conical screens are oriented
opposite to the direction of gas flow.
[0016] Further, each of the conical screens includes a
filter screen, a side frame, a shaft frame and springs; the
filter screen is set on the side frame to form the side of
the conical screen, and the shaft frame is set along the
axis of the conical screen; two ends of the side frame are
a connecting end close to the tip of the conical screen
and a supporting end close to the bottom of the conical
screen; two ends of the shaft frame are a pulling end
extending out of the inner gas inlet pipe and the outer
gas inlet pipe and a supporting end close to the bottom
of the conical screen; the supporting end of the side frame
is connected with the supporting end of the shaft frame
through the springs, and the springs are always in ten-
sion; the connecting end of the side frame is rotationally
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connected with the shaft frame, and the pulling end of
the shaft frame extends out of the inner gas inlet pipe
and the outer gas inlet pipe.
[0017] Further, the inner gas space comprises an inner
gas chamber and a central overflow plate arranged in
the inner gas chamber, and the central overflow plate is
provided with central overflow holes; the central pipe is
erected on the central overflow plate, and the inner sleeve
is erected on the inner gas chamber.
[0018] Further, when there are at least two inner an-
nular gaps, at least one inner transition sleeve is set be-
tween the inner sleeve and the central pipe; the inner
gas space further includes at least one inner overflow
plate between the central overflow plate and the wall of
the inner gas chamber; the at least one inner overflow
plate is provided with inner overflow holes, and the at
least one inner transition sleeve is erected on the at least
one inner overflow plate.
[0019] Further, the diameter of the inner overflow holes
is larger than the hole diameter of the inner overflow plate.
[0020] Further, the inner gas space also includes inner
diversion parts which are arranged at the end of the inner
gas chamber near the inner annular gaps, through which
the gas is guided to the inner annular gaps.
[0021] Further, guide surfaces of the inner diversion
parts are spiral conical.
[0022] Further, the outer gas space includes an outer
gas chamber, and the outer sleeve is erected on the outer
gas chamber.
[0023] Further, when there are at least two outer an-
nular gaps, at least one outer transition sleeve is set be-
tween the outer sleeve and the inner sleeve; the outer
gas space further includes at least one outer overflow
plate set in the outer gas chamber; the at least one outer
overflow plate is provided with outer overflow holes, and
the at least one outer transition sleeve is erected on the
at least one outer overflow plate.
[0024] Further, the outer gas space also includes outer
diversion parts which are arranged at the end of the outer
gas chamber near the outer annular gaps, through which
the gas is guided to the outer annular gaps.
[0025] Further, guide surfaces of the outer diversion
parts are spiral conical.
[0026] Further, the number of the outer annular gap(s)
is 1 or 2, and the number of the inner annular gap(s) is
1 or 2.
[0027] The present disclosure further provides a gas
supply method of the annular-gap-type gas supply ele-
ment, using the above-mentioned annular-gap-type gas
supply element, and the gas supply method includes the
following steps:

inner gas is injected into metallic bath of a metallur-
gical furnace through an inner gas space and at least
one inner annular gap successively;
and/or, outer gas is injected into the metallic bath of
the metallurgical furnace through an outer gas space
and at least one outer annular gap successively;

wherein the types of the inner gas and the outer gas
are the same or different.

[0028] Further, an outer gas flow rate of the at least
one outer annular gap is less than an inner gas flow rate
of the at least one inner annular gap.
[0029] Further, an outer gas supply pressure of the at
least one outer annular gap is equal to an inner gas supply
pressure of the at least one inner annular gap, and an
area of the at least one outer annular gap is smaller than
an area of the at least one inner annular gap; Or, the area
of the at least one outer annular gap is equal to the area
of the at least one inner annular gap, and the outer gas
supply pressure of the at least one outer annular gap is
less than the inner gas supply pressure of the at least
one inner annular gap.
[0030] Further, the at least one outer annular gap does
not supply gas, but only the at least one inner annular
gap supplies gas when furnace lining is eroded and the
erosion cannot be avoided by reducing outer gas supply
flow of the at least one outer annular gap.
[0031] Further, an inner annular gap gas supply chan-
nel does not supply gas, but only the at least one outer
annular gap supplies gas when the gas supply flow re-
quired for smelting is less than 50 m3/h or the gas supply
pressure is less than 0.1 MPa.
[0032] Further, when adding molten iron to the metal-
lurgical furnace under the condition that the furnace lining
is completely exposed, the inner gas supply pressure of
the at least one inner annular gap is the same as the
outer gas supply pressure of the at least one outer an-
nular gap, which is conducive to preventing the blocking
of molten iron; in the process of molten steel smelting,
the inner gas flow rate of the at least one inner annular
gap is controlled to be less than the outer gas flow rate
of the at least one outer annular gap.
[0033] Further, the inner gas supply pressure of the
above at least one inner annular gap is 0.1~3.0MPa; and
the outer gas supply pressure of the above at least one
outer annular gap is 0.1~3.0MPa.
[0034] The inner gas supply pressure of the above at
least one inner annular gap is 0.1 MPa, 0.5 MPa, 0.9
MPa, 1.2 MPa, 1.7 MPa, 1.9 MPa, 2.3 MPa, 2.5 MPa,
2.9 MPa or 3.0 MPa; the outer gas supply pressure of
the above at least one outer annular gap is 0.1 MPa, 0.5
MPa, 0.9 MPa, 1.2 MPa, 1.7 MPa, 1.9 MPa, 2.3 MPa,
2.5 MPa, 2.9 MPa or 3.0 MPa.
[0035] Further, the pressure difference between the in-
ner gas supply pressure of the at least one inner annular
gap and the outer gas supply pressure of the at least one
outer annular gap is ≤ 1.0MPa.
[0036] Further, the inner gas flow rate of the above at
least one inner annular gap is 20~300Nm3 / h, and the
outer gas flow rate of the above at least one outer annular
gap is 20~300Nm3 / h.
[0037] Further, the inner gas flow rate of the above at
least one inner annular gap is 20 Nm3 / h, 55 Nm3/ h, 84
Nm3 / h, 120 Nm3 / h, 170 Nm3 / h, 245 Nm3/ h, 265 Nm3
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/ h or 300 Nm3 / h; and the outer gas flow rate of the
above at least one outer annular gap is 20 Nm3 / h, 55
Nm3/ h, 84 Nm3 / h, 120 Nm3 / h, 170 Nm3 / h, 245 Nm3

/ h, 265 Nm3 / h or 300 Nm3 / h.
[0038] Further, the flow difference between the inner
gas flow rate of the at least one inner annular gap and
the outer gas flow rate of the at least one outer annular
gap is ≤ 200Nm3 / h.
[0039] Compared with the prior art, the present disclo-
sure can achieve at least one of the following beneficial
effects:

a) The annular-gap-type gas supply element provid-
ed in the present disclosure is applicable to the gas
injection technics of various metallurgical furnaces;
by setting different gas spaces and placing the inner
gas space in the outer gas space, and using the inner
gas space to supply gas to the inner annular gaps,
and using the outer gas space to supply gas to the
outer annular gaps, during metal smelting process,
the inner annular gaps and the outer annular gaps
can inject gas into the metallic bath of the metallur-
gical furnace separately or simultaneously, so that
differential control of the inner annular gaps and the
outer annular gaps can be realized, and then high
intensity gas injection can be realized under the con-
dition of thin slag layer, slag-free layer or the complex
process.
b) In the prior art, a single gas space is used to control
multiple annular gaps at the same time, and the gas
flow rate of each annular gap is automatically dis-
tributed, which cannot be controlled separately. The
annular-gap-type gas supply element provided in the
present disclosure, the inner annular gaps and the
outer annular gaps are separately controlled by two
gas spaces, which can realize independent control
of the gas flow rate injected by the inner annular gaps
and the outer annular gaps and has a large adjust-
ment range, so as to be more conducive to the high
intensity injection of gas.
c) The annular-gap-type gas supply element provid-
ed in the present disclosure, the gas flow rate of the
outer annular gaps is less than that of the inner an-
nular gaps, which can properly increase the gas flow
rate of the inner annular gaps on the basis of ensur-
ing that the gas flow rate of the outer annular gaps
will not be too large, so as to achieve high intensity
injection.

[0040] Other features and advantages of the present
application will be described in the following description,
and some of them will become apparent from the de-
scription, or will be understood by implementing the
present application. The purpose and other advantages
of the present application can be realized and obtained
through the structure specially pointed out in the written
description and the drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0041] The drawings are only for the purpose of show-
ing specific embodiments, and are not considered to limit
the application. In the whole drawing, the same reference
symbols represent the same components.

FIG. 1 is the structural diagram of the annular-gap-
type gas supply element provided in Embodiment 1
of the disclosure, wherein the number of inner an-
nular gap is 1, and the number of the outer annular
gap is 1.
FIG. 2 is another structural diagram of the annular-
gap-type gas supply element provided in Embodi-
ment 1 of the disclosure, wherein the number of the
inner annular gaps is 2 and the number of outer an-
nular gap is 1.

[0042] Reference numerals are as follows:
1-central pipe; 2-inner sleeve; 3-outer sleeve; 4-inner an-
nular gap; 5-outer annular gap; 6-inner gas inlet pipe; 7-
outer gas inlet pipe; 8-conical screen; 9-inner gas cham-
ber; 10-outer gas chamber; 11-central overflow plate; 12-
inner transition sleeve; 13-inner overflow plate; 14-inner
diversion part; 15-outer diversion part.

DETAILED DESCRIPTION OF THE INVENTION

[0043] The preferred embodiments of the present dis-
closure will now be described in detail with reference to
the accompanying drawings, which form a part hereof,
and which together with the embodiments of the present
disclosure serve to explain the principles of the present
disclosure.
[0044] In the description of the embodiments of the
present disclosure, it should be noted that unless other-
wise specified and limited, the term "connection" should
be understood in a broad sense. For example, it can be
a fixed connection, a removable connection, or an inte-
grated connection; it can be a mechanical connection, or
an electrical connection; it can be a direct connection, or
it can be connected indirectly through an intermediate
medium. For those skilled in the art, the specific meaning
of the above terms in the present disclosure can be un-
derstood according to the specific situation.
[0045] The terms "top", "bottom", "on top of", "below"
and "above" used in the specification describe the rela-
tive positions of components of the device, such as the
relative positions of the top and bottom substrates inside
the device. It can be understood that the devices are
multifunctional, independent of their orientation in space.
[0046] The normal working surface of the present dis-
closure can be flat or curved, inclined or horizontal. For
the convenience of explanation, in the embodiments of
the present disclosure, the working surface is placed on
the horizontal plane and used on the horizontal plane,
and "high and low" and "up and down" are defined ac-
cording to the working surface.
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Embodiment 1

[0047] The present disclosure provides an annular-
gap-type gas supply element, see Figs. 1 to 2, including
a central pipe 1, an inner sleeve 2 set on the outer pe-
ripheral surface of the central pipe 1, an outer sleeve 3
set on the outer peripheral surface of the inner sleeve 2,
an outer gas space and an inner gas space located in
the outer gas space. At least one inner annular gap 4 is
formed between the central pipe 1 and the inner sleeve
2, and at least one outer annular gap 5 is formed between
the inner sleeve 2 and the outer sleeve 3, wherein the
inner annular gaps 4 are connected with the inner gas
space, and the outer annular gaps 5 are connected with
the outer gas space.
[0048] During implementation, the inner gas space and
the inner annular gaps 4 form an inner annular gap gas
supply channel, and the outer gas space and the outer
annular gaps 5 form an outer annular gap gas supply
channel. Gas is injected into a metallic bath of a metal-
lurgical furnace through the inner annular gap gas supply
channel and the outer annular gap gas supply channel.
[0049] Compared with the prior art, the annular-gap-
type gas supply element provided in the present disclo-
sure is applicable to the gas injection technics of various
metallurgical furnaces (such as converters, electric fur-
naces, ladles and other metallurgical vessels). By setting
different gas spaces (the inner gas space and the outer
gas space) and placing the inner gas space in the outer
gas space, and using the inner gas space to supply gas
to the inner annular gaps 4, and using the outer gas space
to supply gas to the outer annular gaps 5, during metal
smelting process, the inner annular gaps 4 and the outer
annular gaps 5 can inject gas into the metallic bath of the
metallurgical furnace separately or simultaneously, dif-
ferential control of the inner annular gaps 4 and the outer
annular gaps 5 can be realized (for example, same flow
rate with different pressure, same pressure with different
flow rate, or different pressure and flow rate), and then
high intensity gas injection can be realized under the con-
dition of thin slag layer, slag-free layer or the complex
process.
[0050] At the same time, it should be noted that in the
prior art, a single gas space is used to control multiple
annular gaps at the same time, and the gas flow rate of
each annular gap is automatically distributed, which can-
not be controlled separately. In the annular-gap-type gas
supply element provided in the present disclosure, the
inner annular gaps 4 and the outer annular gaps 5 are
separately controlled by two gas spaces, which can re-
alize independent control of the gas flow rate injected by
the inner annular gaps 4 and the outer annular gaps 5
and has a large adjustment range, so as to be more con-
ducive to the high intensity injection of gas.
[0051] From the point of view of protecting furnace lin-
ing, the gas flow rate of the outer annular gaps 5 is less
than that of the inner annular gaps 4. This is because, in
practical application, if the gas flow rate of the outer an-

nular gaps 5 is too large, it is easy to promote the tran-
sition erosion of the refractory at the contact between a
bottom blowing gas supply element and bottom blowing
protective bricks. The gas flow rate of the outer annular
gaps 5 is less than that of the inner annular gaps 4, which
can properly increase the gas flow rate of the inner an-
nular gaps 4 on the basis of ensuring that the gas flow
rate of the outer annular gaps 5 will not be too large, so
as to achieve high intensity injection.
[0052] There are two ways to realize that the gas flow
rate of the outer annular gaps 5 is less than that of the
inner annular gaps 4. Specifically, the gas supply pres-
sure of the outer annular gaps 5 is equal to the gas supply
pressure of the inner annular gaps 4, and the areas of
the outer annular gaps 5 are smaller than the areas of
the inner annular gaps 4; Or, the areas of the outer an-
nular gaps 5 are equal to the areas of the inner annular
gaps 4, and the gas supply pressure of the outer annular
gaps 5 is less than the gas supply pressure of the inner
annular gaps 4.
[0053] Considering that if the gap width difference be-
tween the inner annular gaps 4 and the outer annular
gaps 5 is too large, it will lead to a large difference in the
effect of gas injection. Thus, the gap width difference
between the inner annular gaps 4 and the outer annular
gaps 5 is less than or equal to 1 mm.
[0054] Specifically, for the gap width of the inner an-
nular gaps 4 and the outer annular gaps 5, for example,
the gap width of the inner annular gaps 4 is 1-2 mm (for
example, 1 mm, 1.1 mm, 1.3 mm, 1.5 mm, 1.7 mm, 1.9
mm or 2.0 mm), and the gap width of the outer annular
gaps 5 is 0.5-1 mm (for example, 0.5 mm, 0.7 mm, 0.8
mm or 1.0 mm). This is because if the gap width of the
inner annular gaps 4 and the outer annular gaps 5 is too
large, this will result in small gas supply pressure at the
same flow rate, which is not conducive to gas injection
control, and is easy to cause safety problems and the
risk of steel leakage; if the gap width of the inner annular
gaps 4 and the outer annular gaps 5 is too large, this is
not conducive to the high intensity gas injection, and is
easy to cause the blockage of the inner annular gaps 4
and the outer annular gaps 5.
[0055] It can be understood that in order to realize the
gas supply of the inner gas space and the outer gas
space, the above annular-gap-type gas supply element
also includes an inner gas inlet pipe 6 connected with
the inner gas space and an outer gas inlet pipe 7 con-
nected with the outer gas space.
[0056] Considering that impurities may exist in the gas,
in order to avoid the impact of impurities on metal smelt-
ing, conical screens 8 are set in the above-mentioned
inner gas inlet pipe 6 and/or outer gas inlet pipe 7. The
gas flows through the conical screens 8. The conical
screens 8 can filter the impurities in the gas and play the
role of purifying the gas, thus reducing the adverse impact
of impurities in the gas on metal smelting.
[0057] In order to prevent impurities from blocking filter
holes at the tips of the conical screens 8, the tips of the
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conical screens 8 are oriented opposite to the direction
of gas flow, that is, the tips of the conical screens 8 face
the inlet ends of the inner gas inlet pipe 6 and the outer
gas inlet pipe 7. In this way, after the impurities pass
through the conical screens 8, the impurities can move
towards the bottoms of the conical screens 8 under the
action of the gas flow, so as to prevent the impurities from
blocking the filter holes at the tips of the conical screens 8.
[0058] In order to ensure the filtering performance of
the conical screens 8 and facilitate the replacement of
the conical screens 8, each of the conical screens 8 in-
cludes a filter screen, a side frame, a shaft frame and
springs. The filter screen is set on the side frame to form
the side of the conical screen 8, and the shaft frame is
set along the axis of the conical screen 8. Two ends of
the side frame are a connecting end close to the tip of
the conical screen 8 and a supporting end close to the
bottom of the conical screen 8; two ends of the shaft
frame are a pulling end extending out of the inner gas
inlet pipe 6 and the outer gas inlet pipe 7 and a supporting
end close to the bottom of the conical screen 8. The sup-
porting end of the side frame is connected with the sup-
porting end of the shaft frame through the springs, and
the springs are always in tension. The connecting end of
the side frame is rotationally connected with the shaft
frame, and the pulling end of the shaft frame extends out
of the inner gas inlet pipe 6 and the outer gas inlet pipe
7. When the conical screen 8 is seriously blocked and
needs to be replaced, pull the pulling end of the shaft
frame to make the conical screen 8 move towards the
inlet end of the inner gas inlet pipe 6 and the inlet end of
the outer gas inlet pipe 7 as a whole, so as to move the
support end of the side frame towards or away from the
shaft frame. The springs can reduce the diameter of the
bottom end of the conical screens 8 by adjusting the ten-
sion state, so that the conical screens 8 can be taken out
of the inner gas inlet pipe 6 and the outer gas inlet pipe
7 as a whole. In addition, the setting of the springs can
ensure that the bottom ends of the filter screens are al-
ways in contact with the inner wall of the inner gas inlet
pipe 6 and the outer wall of the outer gas inlet pipe 7 to
avoid dust leakage and pollution of the inner gas inlet
pipe 6 and the outer gas inlet pipe 7.
[0059] For the structure of the inner gas space, spe-
cifically, it includes an inner gas chamber 9 and a central
overflow plate 11 arranged in the inner gas chamber 9.
The central overflow plate 11 is provided with central
overflow holes. The central pipe 1 is erected on the cen-
tral overflow plate 11, and the inner sleeve 2 is erected
on the inner gas chamber 9. In this way, the stable in-
stallation of the central pipe 1 and the inner sleeve 2 can
be realized through the setting of the inner gas chamber
9 and the central overflow plate 11. At the same time,
the gas flows through the central overflow holes and is
injected into the metallic bath of the metallurgical furnace
from the inner annular gaps 4.
[0060] It should be noted that when there are at least
two inner annular gaps 4, at least one inner transition

sleeve 12 is set between the inner sleeve 2 and the cen-
tral pipe 1. In order to achieve the stable installation of
the inner transition sleeve 12, the above inner gas space
also includes at least one inner overflow plate 13 between
the central overflow plate 11 and the wall of the inner gas
chamber 9. The inner overflow plate 13 is provided with
inner overflow holes, and the inner transition sleeve 12
is erected on the inner overflow plate 13.
[0061] For gas flow, for example, the number of the
inner annular gaps 4 is two, namely a first inner annular
gap between the central cylinder and the inner transition
sleeve 12 and a second inner annular gap between the
inner transition sleeve 12 and the inner sleeve 2. The
gas flows into the inner gas chamber 9. Part of the gas
flows through the central overflow holes and is injected
into the metallic bath of the metallurgical furnace from
the first inner annular gap, and the other part flows
through the inner overflow holes and is injected into the
metallic bath of the metallurgical furnace from the second
inner annular gap.
[0062] In order to improve the uniformity of the gas
injected by multiple inner annular gaps 4, the diameter
of the inner overflow holes is larger than the hole diameter
of the inner overflow plate 13. This is because, comparing
fluid resistance of the gas supply channel, the inner gas
chamber 9, the center overflow holes and the first inner
annular gap form a first inner annular gap gas supply
channel, and the inner gas chamber 9, the inner overflow
holes and the second inner annular gap form a second
inner annular gap gas supply channel. Obviously, the
fluid resistance of the first inner annular gap gas supply
channel is smaller than that of the second inner annular
gap gas supply channel. With the hole diameter of the
inner overflow holes larger than that of the inner overflow
plate 13, it can properly reduce the fluid resistance of the
second inner annular gap gas supply channel, so as to
improve the gas uniformity of multiple inner annular gaps
4.
[0063] In order to guide the gas to the inner annular
gaps 4 smoothly, the inner gas space also includes inner
diversion parts 14 which are arranged at the end of the
inner gas chamber 9 near the inner annular gaps 4. The
inner diversion parts 14 can guide the gas to the inner
annular gaps 4.
[0064] For the structure of the inner diversion parts 14,
specifically, the guide surfaces of the inner diversion
parts 14 are spiral conical, and the so-called guide sur-
faces refer to the surfaces where the inner diversion parts
14 contact with the gas. The gas can be converged
through the spiral conical guide surfaces, so that the gas
gradually converges to the inner annular gaps 4 and en-
ters the inner annular gaps 4. At the same time, the spiral
conical guide surfaces are used to make the gas form a
rotating airflow during the flow process. The rotating air-
flow flows in the inner annular gaps 4, which can reduce
the fluid resistance, thus increasing the ventilation effect
of the inner annular gaps 4 and avoiding the blockage of
the inner annular gaps 4.
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[0065] Similarly, for the structure of the outer gas
space, specifically, it includes an outer gas chamber 10,
and the outer sleeve 3 is erected on the outer gas cham-
ber 10. In this way, the stable installation of the outer
sleeve 3 can be realized through the setting of the outer
gas chamber 10.
[0066] It should be noted that when there are at least
two outer annular gaps 5, at least one outer transition
sleeve (not shown in the figure) is set between the outer
sleeve 3 and the inner sleeve 2. In order to achieve the
stable installation of the outer transition sleeve, the above
outer gas space also includes at least one outer overflow
plate (not shown in the figure) set in the outer gas cham-
ber 10. The outer overflow plate is provided with outer
overflow holes, and the outer transition sleeve is erected
on the outer overflow plate.
[0067] For gas flow, for example, the number of the
outer annular gaps 5 is two, namely a first outer annular
gap between the outer transition sleeve and the outer
sleeve 3 and a second outer annular gap between the
inner sleeve 2 and the outer transition sleeve. The gas
flows into the outer gas chamber 10. Part of the gas is
injected into the metallic bath of the metallurgical furnace
from the first outer annular gap, and the other part is
injected into the metallic bath of the metallurgical furnace
from the second outer annular gap through the outer
overflow holes.
[0068] In order to guide the gas to the outer annular
gaps 5 smoothly, the outer gas space also includes outer
diversion parts 15 which are arranged at the end of the
outer gas chamber 10 near the outer annular gaps 5. The
outer diversion parts 15 can guide the gas to the outer
annular gaps 5.
[0069] For the structure of the outer diversion parts 15,
specifically, the guide surfaces of the outer diversion
parts 15 are spiral conical, and the so-called guide sur-
faces refer to the surfaces where the outer diversion parts
15 contact with the gas. The spiral conical guide surfaces
can converge the gas and make the gas gradually con-
verge to the outer annular gaps 5 and enter the outer
annular gaps 5. At the same time, the spiral conical guide
surfaces are used to make the gas form a rotating airflow
during the flow process. The rotating airflow flows in the
outer annular gaps 5, which can reduce the fluid resist-
ance, thus increasing the ventilation effect of the outer
annular gaps 5 and avoiding the blockage of the outer
annular gaps 5.
[0070] For the number of outer annular gaps 5 and
inner annular gaps 4, for example, the number of the
outer annular gap(s) 5 is 1 or 2, and the number of the
inner annular gap(s) 4 is 1 or 2. This is because the gap
width of the inner annular gaps 4 and the outer annular
gaps 5 are related to the flow and injection safety. Under
the condition that the gap width of the inner annular gaps
4 and the outer annular gaps and the gas supply pressure
are fixed, the number of the inner annular gap(s) 4 and
the outer annular gap(s) 5 is 1 to 2, which can not only
effectively simplify the internal structure of the above-

mentioned annular-gap-type gas supply element, but al-
so improve the injection gas flow rate and flow rate ad-
justment range.

Embodiment 2

[0071] This embodiment provides a gas supply method
of the annular-gap-type gas supply element, including
the following steps:

Inner gas is injected into a metallic bath of a metal-
lurgical furnace through the inner gas space and the
inner annular gaps successively;
And/or, outer gas is injected into the metallic bath of
the metallurgical furnace through the outer gas
space and the outer annular gaps successively;
The types of the inner gas and the outer gas are the
same or different.

[0072] Compared with the prior art, the beneficial ef-
fects of the gas supply method of the annular-gap-type
gas supply element provided in this embodiment is ba-
sically the same as that of the annular-gap-type gas sup-
ply element provided in Embodiment 1, which will not be
described in detail here.
[0073] From the point of view of protecting furnace lin-
ing, in the above gas supply method, the outer gas flow
rate of the outer annular gaps is less than the inner gas
flow rate of the inner annular gaps. This is because, in
practical application, if the outer gas flow rate of the outer
annular gaps is too large, it is easy to promote the tran-
sition erosion of the refractory at the contact between a
bottom blowing gas supply element and bottom blowing
protective bricks. The outer gas flow rate of the outer
annular gaps is less than the inner gas flow rate of the
inner annular gaps, which can properly increase the in-
ternal gas flow rate of the inner annular gaps on the basis
of ensuring that the outer gas flow rate of the outer an-
nular gaps will not be too large, so as to achieve high
intensity injection.
[0074] There are two ways to realize that the outer gas
flow rate of the outer annular gaps is less than the inner
gas flow rate of the inner annular gaps. Specifically, the
outer gas supply pressure of the outer annular gaps is
equal to the inner gas supply pressure of the inner an-
nular gaps, and the areas of the outer annular gaps are
smaller than the areas of the inner annular gaps; Or, the
areas of the outer annular gaps are equal to the areas
of the inner annular gap, and the inner gas supply pres-
sure of the outer annular gaps is less than the inner gas
supply pressure of the inner annular gaps.
[0075] It should be noted that when the furnace lining
is eroded and the erosion cannot be avoided by reducing
the outer gas supply flow rate of the outer annular gaps,
the outer annular gaps do not supply gas, but only the
inner annular gaps supply gas.
[0076] When the gas supply flow rate required for
smelting is less than 50 m3/h or the gas supply pressure
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is less than 0.1 MPa, the simultaneous gas supply of the
inner and outer annular gaps will cause the inner gas
supply pressure and the outer gas supply pressure to be
too small, and the molten steel will flow back into the
inner and outer annular gaps, causing plugging of the
inner and outer annular gaps. Therefore, the inner annu-
lar gap gas supply channel will not supply gas, but only
the outer annular gaps supply gas. In addition, adopting
the mode of no gas supply in the inner annular gap gas
supply channel and only the outer annular gaps supplying
gas is equivalent to expanding the area of no gas supply
in the center of the above gas supply unit, which is equiv-
alent to increasing the area of the central cylinder, and
can also avoid water sag. It should be noted that the
water sag phenomenon refers to the erosion of the gas
outlet ends of the inner annular gaps and the gas outlet
ends of the outer annular gaps caused by the rising of
bubbles and the falling of liquid with the same volume as
bubbles in the process of bottom blowing gas supply.
[0077] For example, when adding molten iron to the
metallurgical furnace under the condition that the furnace
lining is completely exposed, the inner gas supply pres-
sure of the inner annular gaps is controlled to be the same
as the outer gas supply pressure of the outer annular
gaps, for example, greater than 0.3 MPa, which is con-
ducive to preventing the blocking of molten iron. In the
process of molten steel smelting, the inner gas flow rate
of the inner annular gaps is controlled to be less than the
outer gas flow rate of the outer annular gaps, which is
beneficial to reduce the erosion of the refractory material
contacting with the bottom blown protective bricks.
[0078] As an example, the inner gas supply pressure
of the above inner annular gaps is 0.1~3.0MPa (e.g. 0.1
MPa, 0.5 MPa, 0.9 MPa, 1.2 MPa, 1.7 MPa, 1.9 MPa,
2.3 MPa, 2.5 MPa, 2.9 MPa or 3.0 MPa), and the outer
gas supply pressure of the above outer annular gaps is
0.1~3.0MPa (e.g. 0.1 MPa, 0.5 MPa, 0.9 MPa, 1.2 MPa,
1.7 MPa, 1.9 MPa, 2.3 MPa, 2.5 MPa, 2.9 MPa or 3.0
MPa), and the pressure difference between the inner gas
supply pressure of the inner annular gaps and the outer
gas supply pressure of the outer annular gaps is ≤
1.0MPa. The inner gas flow rate of the above inner an-
nular gaps is 20~300Nm3 / h (e.g. 20 Nm3 / h, 55 Nm3/
h, 84 Nm3 / h, 120 Nm3 / h, 170 Nm3 / h, 245 Nm3 / h,
265 Nm3 / h or 300 Nm3 / h), and the outer gas flow rate
of the above outer annular gaps is 20~300Nm3 / h (e.g.
20 Nm3 / h, 55 Nm3 / h, 84 Nm3 / h, 120 Nm3/ h, 170
Nm3/ h, 245 Nm3/ h, 265 Nm3 / h or 300 Nm3 / h), and
the flow rate difference between the inner gas flow rate
of the inner annular gaps and the outer gas flow rate of
the outer annular gaps is ≤ 200Nm3 / h.
[0079] The above is only preferred embodiments of the
present application, but the scope of the present appli-
cation is not limited thereto, and any modification or sub-
stitution that can be easily conceived by those skilled in
the art within the spirit and principle of the present dis-
closure shall be included in the protection scope of the
present disclosure.

Claims

1. An annular-gap-type gas supply element, charac-
terized in that it comprises a central pipe, an inner
sleeve, an outer sleeve, an outer gas space and an
inner gas space located in the outer gas space,
wherein the central pipe, the inner sleeve and the
outer sleeve are arranged in turn;
at least one inner annular gap is formed between the
central pipe and the inner sleeve, and at least one
outer annular gap is formed between the inner sleeve
and the outer sleeve, wherein the at least one inner
annular gap is connected with the inner gas space,
and the at least one outer annular gap is connected
with the outer gas space.

2. The annular-gap-type gas supply element according
to claim 1, wherein gas flow rate of the at least one
outer annular gap is less than gas flow rate of the at
least one inner annular gap.

3. The annular-gap-type gas supply element according
to claim 1, wherein it further comprises an inner gas
inlet pipe connected with the inner gas space and
an outer gas inlet pipe connected with the outer gas
space.

4. The annular-gap-type gas supply element according
to claim 3, wherein conical screens are set in the
inner gas inlet pipe and/or the outer gas inlet pipe.

5. The annular-gap-type gas supply element according
to claim 4, wherein tips of the conical screens are
oriented opposite to the direction of gas flow.

6. The annular-gap-type gas supply element according
to any one of claims 1-5, wherein the inner gas space
comprises an inner gas chamber and a central over-
flow plate arranged in the inner gas chamber, and
the central overflow plate is provided with central
overflow holes; the central pipe is erected on the
central overflow plate, and the inner sleeve is erected
on the inner gas chamber;
and/or, the outer gas space comprises an outer gas
chamber, and the outer sleeve is erected on the outer
gas chamber.

7. The annular-gap-type gas supply element according
to claim 6, wherein at least one inner transition sleeve
is set between the inner sleeve and the central pipe;

the inner gas space further includes at least one
inner overflow plate between the central over-
flow plate and the wall of the inner gas chamber;
the at least one inner overflow plate is provided
with inner overflow holes, and the at least one
inner transition sleeve is erected on the at least
one inner overflow plate.
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8. The annular-gap-type gas supply element according
to claim 6, wherein at least one outer transition
sleeve is set between the outer sleeve and the inner
sleeve;
the outer gas space further includes at least one out-
er overflow plate set in the outer gas chamber; the
at least one outer overflow plate is provided with out-
er overflow holes, and the at least one outer transition
sleeve is erected on the at least one outer overflow
plate.

9. A gas supply method of the annular-gap-type gas
supply element, characterized in that it comprises
the following steps:

inner gas is injected into metallic bath of a met-
allurgical furnace through an inner gas space
and at least one inner annular gap successively;
and/or, outer gas is injected into the metallic bath
of the metallurgical furnace through an outer gas
space and at least one outer annular gap suc-
cessively;
wherein the types of the inner gas and the outer
gas are the same or different.

10. The gas supply method of the annular-gap-type gas
supply element according to claim 9, wherein the at
least one outer annular gap does not supply gas, but
only the at least one inner annular gap supplies gas
when furnace lining is eroded and the erosion cannot
be avoided by reducing outer gas supply flow rate
of the at least one outer annular gap;

or, an inner annular gap gas supply channel
does not supply gas, but only the at least one
outer annular gap supplies gas when the gas
supply flow rate required for smelting is less than
50 m3/h or the gas supply pressure is less than
0.1 MPa;
or, when adding molten iron to the metallurgical
furnace under the condition that the furnace lin-
ing is completely exposed, the inner gas supply
pressure of the at least one inner annular gap
is the same as the outer gas supply pressure of
the at least one outer annular gap;
or, in the process of molten steel smelting, the
inner gas flow rate of the at least one inner an-
nular gap is less than the outer gas flow rate of
the at least one outer annular gap.
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